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SOUNDFROMDU.OTW’ING JWOMULTIPLE

SINGIJKROTA!I’INGPROEEZLER3

By HarveyH. Hubbard

suMMARY

SoundmeasmementsforstaticconditionsinthetipMachnumber
remge0.37to0189arepresentedforthreedifferentdual+rotat~
propellerconfigurationsaniloneccmkclnationoftwosingle-rotating
propellersoperatm sideby sidein thesameplaneofrotation.
Theresultsobtainedarecomparedwitha theoreticalanalysisof the
problemandexcellentagreementis found.

Thesoundfroma four+ladedual-rotatingpropellerwasfoundto
fluctuateapproximatelybetweenthatof a two+ladeanda fouz%lade
single-rotatingpropellerwhenthepropellersareabsorbingthesame
poweratthesametipspeeds;theamountoffluctuationwasfoundto
dependon theangleof overlapwithrespectto theobserv6r.By
correctphasingofthecomponentsofa duel-rotatingpropellerin
flight,thesoundreachingthegroundina givendtiectioncanbe
reducedby a smaXlamount.

Mutualinterferencehasleendetectedintheformof soundnearthe
axisofrotationfordual+rotatingpropellers.Themagnitudeofthe
soundresult= fromthisinterferencehasbeenfoundtoverydirectly
asthepowerandas thecubeof thetipspeed.

13?TRODUCTION

‘1’Qeproblemofpropellernoiseoflargeairplanesnecessitatesan
understandingofthewayinwhichthenoisefieldsfrommultiple
propellersaddup. Sinceveryfewsoundmeasurementshavebeenreported
onduel-rotatingpropellersandmultiplesingle-rotatmpropellers,
extensionofthetheoryforpredictingthesoundendan experimental
checkofthistheoryseemeddesirable.

A solutionforthenoisefroma single-rotatingpropellerinwhich
theairforcesaresteadyhasbeengivenby Gutininreference1. For
dual-rotatingpropellers,themutualinterferencebetweenthemresults
ina periodicvariationofairloadsontheblades.An exactsolution
oftheproblemtakingthisfactintoaccountisdifficult,particularly
sincetheloadvariationhasnotbeenaccuratelydetemined.

.
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2 ITACATN NO. 1654

Statictestsweremadefora seriesofdual+rotat3ngpropellers
andonecombinationoftwosingl-rotatingpropellersoperatingside
by sideinthesame@ane. Dataobtainedwerecaqmredwithan
element~ theoreticalanalysisexpressingthenoisefroma dual–
rotatingpropelJeras thesumofthenoisefromeachof twosingle–
rotatingpropellers&d neglectingmutualinterference.

SYMBOIS

‘lm

Pltm

n

x

‘1

m=qn

( )Jqn~~ sinP

Mt

pH

J

(13

N

t

maximumsound pressure of
to onesingl~otating
squarecentimeter

mzcdmumsoundpressureof
to singleblade,dynes

maximumsousxipressureof

mth+armonicreferred
propeller,dynesper

mth-harmonic”referred
persquarecentimeter

mth+armonicfor
twosingle-rotatingpropellershaving
arbitraryphaseangle,dyneQpersquare
centimeter

instantaneousvalueofsoundprpssureof
mth-harmonicofsoundfromsingl~otating
propeller,dynespersquarecentimeter

numberofblades

lladenunibers(1,2, 3, etc.)

order-ofharmonic

Besselfunctionof order qn andergment

qg sinp

tipMachnumherofld-ade(rotationonly).

horsepowersuppliedtopropeller

advanceratio

rotationalspeed,

rotationalspeed,

time,seconds

radianspersecond

rpm
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Subecrip%:

F

R

mex

integer

spacing%etween‘planesofrotationofdual-
rotatingpropellers,inches

bladephaseangle,degrees

anglefrompropeIlersxisofrotation(zeroin
front),degrees

bladeangleofproyellerat 0.75radius,
degrees

angleof overlap(a/2),degrees

velocityof sectionat0.8 radius,

Teloci@-of sound,feetpersecond

distancefrompropeller,feet

.
front

resx

maximum

A barplacedovera symbolidicatesa vectorquantitiy.

feetpersecond

E~erimentsreportedin
dual-rotatingpropellerata
positionatwhichtheblades

SommTHEORY

thispaperindicatethatthenoisefrcma
givenpointin spaceisa functionofthe
overlapeachother.Theexperimentsfurther

‘ticatethatthemagnitude’ofthenoisead thefrequencyspectmnare
suchasmight%e obtainedfromthesummationofthenoisefieldsof two
single=rotatingpropellers.

In thefoILowin.gelement~ analysistheperiodicvariationofthe
airloadson thebladesisneglected.Thenoiseofa dual-rotating
propellerisexpressedint&ma ofthe.noisefromtwosingle+rotating
propellersoperatingwiththesamedirectionofrotationbutwitharbi–. traryphaseanglebetweenthem.

.
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4. I’?ACATN NO. 1654

Theanalysiscanbe extendedto includethecaseoftwoormore
propellersoperatingseparatelyas ina multienginedairplane.This
_sis consistssimp~ ofaddingthepresswefieldsat a pointin
spaceandtakingintoaccounttheproperphaserelationsasdetemnined
ly thephaseofthepropellersandthedifferenceindistancestothe
ohsemer. -

It canbe shownfora givensingle-rotatingpropellerthat
Plm‘ npl’m forallveluesof m whichme Integralmultiplesofthe

numberofbladesn andthat plm= O forallothervaluesof m.
(Seeappendix.)
.

Gutinindicatesthatthenoisefroma propelleris independentof
directionofrotation.If the@ase angleoftwooppositelyrotating
lhdes (fig.l(a))isthesamewithrespecttotheobsemer (aA= ~),
thesoundfromeachpro~elleristhesameattheolmener. b- the
followinganalysis,propellerB operatingintheclockwisedirectionis
replacedby an ecj.uelpropellerB* operatinginthecounterclockwise
directionwithphaseangle a withrespectto theobsemer(seefig.l(b));
thesoundfrompropellerB3 isaddedto thatofpropellerA alsooperating
inthecounterclockwisedirectionwithzerophaseangle.Theaxisof
overlapas indicatedinthefigureisthepositionwherethedual-rotating
bladescross.

Sincethesoundpressureatw pointin spaceisthevectorial
sumofthesoundpressuresofalltheblades,it ismerelynecess~
todetezminetheproperphaserelationofthesoundofeachhermonic
ofeachbladeandtoaddthemvectorially.

Whenthetwoequalpropellersoffi~ l(b)ereconsidered,the
soundof
tdththe
station.

themth+ermoticofpropellerB’ isoutof-phaseby anglemu
soundof.themth+hamonicfrompropellerA attheobservers
Hence,

‘l%C=IQm(cos0°+ $ Sino”+ Cosmu+ ~ Sinlnu) (1)

Since

sumofthe

theabsolutevalueof ~ mT equalsthesquererootof the

squeresofther&l endimag- components,

T
% d=Plm (Cos00+ CosIIbz)2 + (Sinoo+ sinmu)2

.

.

*
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By expsmdingtheprece~ expressionandcombininglikete~,

or

‘lWC II
=2plmCosy (2)

Fortwopropellershavingequalnumbersofblades,thesound
cancelsforallvaluesof ma . k, where k isan cddtiteger.F&
allevenvaluesof k orfor k = O, thesoundsofthetwopropellers
addinphase.

Theforegoingandy”sisindicatesthatforthecaseoftwopropellers
of twobladeseach,operatinginthesamedirection,plm = o forallodd
valuesof m s~ce eachpropellerhasan evennumberof%laiies.If
~ = 00, thesoundofthepropellersaddinphase.If a = ~, the
soundpressuresoftheharmonicsm . 2,6,10,14,. . . ~e eliminated;
%utthepressuresoftheharmonicsm . 4,8,12,16,. . . ereadded.
Thisstatementmerelysaysthatthesoundfrom2 two+ladepropellers90°
outofphaseisthesameas fora four+ladepropeller.

Sincethetwopropellersoperatinginthesamedirectionwith
phaseangle a areequivalentto a dual-rotatingpropellerwithangle
ofoverlapV equalto a/2 as showninfi~e l(b),thefollowing
statementis evident:A four+ladedual-rotatingpropeller(twoblades
ineachcomponent)isequivalentin soundoutputto a singletwo+ilade
single-rotatingpropellerabsorlingthesamepowerat thesametipspeed .
whenthephaseangleof overlapisequalto zerowithrespecttothe
observer.Thesamepropellerisequivalenttoa four+ladesin@e–
rotatingpropellerwhentheangleofoverlapisat Ir/4or45°with
respecttotheolsener.

Figure2 hasbeencalculatedby usingequation(2)andvaluesof

qwq+: ‘h 9
fromreference2. Thisfigureshowsthecalculated.

soundpressuresofeachofthe“firstfourharmonicsandthetotal60UIId
pressurefor‘afour+ladedual-rotatingpropellerat ~ . 120° andan
effectiveMachnumberof0.5 (V isevaluatedat0.8radius)forvalues
of $ from00togoo. Thefigureillustratestheamplitude.modulation
ofeachha?rmonicof soundemittedby thepropellerand,also,the
fluctuationofthetotalsoundpressuresas a’functionof theangleof
overlap.

—... ——-



6 . NACATN HO, 1654

A comparisonoftheoreticalsoundpressuresof two-bladeandfour-
bladesingl=otatingpropellersat 13= 1200(reference2) showsthat
thedifferenceinrotationalaoise-intensiiqylevelsvariesfromapproxi-
mately4 decibelsat ~ . 0.9to appradmately12decibelsat ~ = O.~.
Thus,fora four+hde dual-rotatingpropellertherotationalsound
pressureisapprmimately4 to12 deci~elsless(dependingonthetip
Machnumber)whentheWades overlapat 45°thanwhentheyoverlapat0°
withrespectto theobserver.Thisdifferenceindicatesthedesirability
offixingthephaaerelationsofa dual-rotatingpropellerin orderto
takeadvantageofthedirectionalcharacteristicsoftheemittedsound.

APmRAms ANDMETHODS

Statictestswereconductedforthemeasurementandanalysiscf
thenoiseemissionforthreedifferentdual+rotatingpropellersandone
combinationoftwosingle-rotatingpropellersoperatingsideby sidein
thesameplaneofrotation.Thedual-rotatingpropellerstestedme
designatedthe%0+?, 2+j, and24-4 configurations,inwhichthefirst
digitinthedesignationdenotesthenw%er ofILailesinthefrontcob
ponent,theseconddigitdenotesthenumberofcountenances,andthe
thirddigitdenotesthen-er ofbladesinthereerccmponent.Related“
testswerealsoconductedforcomparisonof thesoundemissionofpusher
andtractorsingl~otatingpropellersabsorbingthesamepowerandfor
differentstrutclearances.

Allpropellerconfigurationsweremadeup ofNACA4-(3)(08)43
blades.ThisNACAdesignationisdefinedandtheblade-fozmcurvesfor
thebladesaregiveninreference3.

Thebladeanglesforthefrontandrearcomponentsofall”dual–
rotatingcombinationsweresetsothateachabsorbedapproximatelythe
samepowerwhilerunningsingly.

Two200+orsepower,water-cooled,variabl~eed electiicmotors
wereusedto drivethetestpropellers.In thedusl+rotatingsetups
themotorswereplacedendto endandfacingeachother,onedriving
a pusherpropellerandtheotherdrivinga tractorpropeller.(See
fig.3.)fiovisionEweremadetovarythespacingbetweenpropellers
bymovingthemotormounts.Totalpowerinputto thedrivemotorsin
sJltestswasmeasureddirectlybymeansofa wattmeter.Thesereadings
werecorrectedbymeansofmotor-efficiencychartsto determineactual
powerinputtothepropellers.

Linevoltageononeofthedrivemotorswasreducedto givea
msxSmumslipofapproximatelyEOrpmat a motorspee~of4800rpm.
Thisreductionpermitteda studyoftheeffectofrelativebladeP*
sitiononthesoundemissionofmultiplepropellers.Thesumofthe
voltagesfromtichcmetergeneratorsmo~ted~ eachmotorshtitWM
recordedto givem inst~tmom pict~eOrthebladepositio~.

.
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relativeto eac~other.On theoscillographrecordsshowninthispaperfi
relativebladepositionsareindicatedby the,tracemarked‘tbladephase.

Totalsoundpressuresweremeasuredwitha GeneralRadioCompany
soundlevelmeter,ty_pe759,whichwascalibratedagainstanarbitrary
SOU.Ildstandard.Permanentrecordsfortheanalysisofpropellernoise
spectrumswereobtainedby recordingtheoutputofa Hewlitt+ackard
harmonicwaveanalyzerbymeansofa Heilandoscillographrecorder,
ty-peA 40B. Theanalyzerwhichwasmodifiedto includeanautmatic
scandngdevicehada landwidthof 100cycles.Thepickupusedwith
the-zer wasa WesternElectricmovi~oil pressure-ty_pemicrophone.

Themicrophonewasalwaysplacedat groundlevelandwasata
distanceof 30feetfromthepropellerhubforsingle-rotatingpropellers
and30 and60feetfroma pointmidwaybetweenthepropellerhubsfor
dual+rotatingandmultipleprope~ers,respectively.Datawerqtaken
atvaluesof P from
Alltestswererunon
consistentdata.

0° to180°atrotationalspeedsof1000to4800rpIR
dayswhenwindvelocitieswerelowin orderto get

RESUIZSANDDIWUSSION

Statictestswererunforthreedual-rotatingconfigurationsand
onecombinationoftwosingle-rotatingpropellersoperatingsideby side
inthesameplaneofrotationinorderto comparetheresultswiththe
theorygiveninthispaper.Quantitativeandqualitativerecordsofthe
noiseemiseionfrommultiplepropellerssrepresentedinthefigures.
An attemptisalsomadeto evaluatetheeffectsof strutinterferencefor
pusherpropellersandmutualinterferenceletween
rotatingconfiguration.

FrequencySpectrums

Figure4 givesa comparisonof thefrequency
tipspeedsof twosingle+rotatingpropellerswith

thebladesofa dual–

spectrumsforthesame
a four%ladedual—

rotatingconfigurationmadeup of a tractortwo+ladepropelleranda
pushertwo+ladepropellerandtitha combinationoftwosingle-rotating
propellersoperatingsideby side.Thus,ifseversltwo-blade~ropel.lers
erebeingoperatedsimultaneously,thecombinedfrequencyspectrumshould
le thesame’aEfora single-rotatini!two+ladepropellertiththeexception
thattheamplitudeof eachfrequencywillfluctuate.

Theeffectofbladephaseangleontheamplitudeofthevsrious
hermonicsof soundfroma 2+ propellerisshownin figure5. The
actualbladephaseangleisnotknownforeachof theserecords,but
theyweretakenforblad~hasedifferencesofabout90°.Figure5
merelyillustratesthattheamplitudeofeachfrequencyvariesgreatly;

.—.— -————— —- -——— . . —–— -— —.—
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thisveriationdependsontheoverlapangle
figuresshowtheextentofthisvsriation.

lWICATNNO.1654

oftheblades.Succeeding

Figure6 illustratesthemannerinwhichtheamplitudeofthe
fundamentalfrequencyofa 2-O-2propellerverieswhencompsredwith
theamplitudesof twosingle-rotatingpropellers.Forthetwosingle
rotatingpropellersthesmplitudeofthefundamentalfrequencyremains
quitesteadywithtimeregardlessofthebladepositionsrelativeto
theobserver.On theotherhand,thefundamentalfrequencyofthe
2-O-2propellerseemstobe amplitudemodulatedtoan extentdependent
ontherelativebladepositions.

~S modulationeffectisfurthershowninfigure7 inwhichthe .
second,third,fourth,andfifthharmonicsofthesame2-O-2propeller
arepictwed. Recordstakenduringthesetestshaveindicatedclesrly
themodulationofallrotationalnoisefrequenciesup to theeleventh
harmonic. Fortherecordsshowninfi~e 7 maximumandminimumpoints
ontheblad~hasetraceindicatea bladephaaeof0°whichoccurswhen
thebladesareparallelto a linedrawnfromthemicrophonetothepro-
pellerhub. Figure7 showsthatthesoundvaiesfroma valuenearzero
to amadmwn, aspredictedin thetheoryandcalculatedinfigure2.
Althoughtheexactphase,ofthebladesisnotlamwn,thesoundislamwn
tobe a maximumwhenthebladesoverlapintheplaneof themicrophone.
Figure7 alsoshuwsthatthe.nmnberofmadmumsandminimumper%lade
sliprevolutionequalsthevalueof m. TIIUSfor m= 6, sixminimums
andsixmximumsoccur.Sincetheacousticaldegreesare m timesthe
mechanicalde~ees,as is showninthetheo~ (seefig.2),themaximums
occuratallmultiplesof ma = km when k iseven.

Recordsshowninfigure8 ofthefirstfourharmonicsof sound
from2 twc+bladepropellersoperat~ side%y sideinthesameplane
indicatethatthisarrangementis just”aspecialcaseofpropellers
operatinginmultiple.Theamplitudeofeachhermonicdependson the
relative%ladepositionas itdidforthedual+rotatingconfigurations
end,also,onthedifferenceindistancesfromtheolservertoeach
propeller.

Fora dual-rotatingconfigurationo- thosefrequencieseremodulatef
whichsreintegrslmultiples“ofthefundamentalfrequenciesofboththe
frontandrearcomponents.Thisphenomenonisillustratedinfigure9
whichshowsthesoundemissionofa 2-(L3propeller.Onlythefrequency
for m = ‘6,whichisan integralmultipleofthefundamentalfrequencies
ofboththetw&bladeandthre&bladepropellers,ismodulated.The
amplitudeofthefundamentalfrequenciesoflothfrontandrearcomponents
srenearlyconstantbecauseneitherisan integralmultipleoftheother.
Thissamepointisfurtherillustratedinfigure10whichshowssimt.lar‘
recordsoftwodifferentharmonicsof soundfrmaa _ propeld.er.

Therecordsinfigures9 and10 substantiateGutin’stheorywhich
predictsthatfora giventipspeed,thrust,andpowerthepressure

0

v

e
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amplitudeofa givenfrequencyisthesameforeachof twopropellers
eventhoughthepropellershavedifferentntiersofblades.

TotalSoundPressures.

In thecaseof”a-2 propellerallrotationalnoisefrequencies
havebeenehowntobemodulatedas infigure2. Figure2 alsoindicates
thatthetotel~oiselevelshouldfluctuateletweentheintensi~levels
for2= and&O-O propellersoperatingat thesametipspeedsand
power.At an effectiveMachnmiberof0.5,figure2 indicatesa fluctu-
ationoftotal-sound~ressurelevelsequivalenttoapproxtitely7 decilels
at B = 120°.

vFigureJ-1showstherecordedtotal-sound-pressurevariationfora .
2-&2 propelleratan effectiveMachnumberof0.62at P = 105°. The
maximumvslueisapprodmatelytwicetheminimumvalue,therefore,this
variationisequivalenttoa 6-decibeldifferencein sound~ressure
levels.Sincetheoperatingconditionswerecomparable,thismagnitude
offluctuationappeersconsistentwiththatpredictedinfigure2.

Figure12 furtherillustratesthemannerinwhichsoundfroma
2-&2 propellerfluctuates.Total-sound~ressurelevelsareshownfor
thetipMachnumberr~e of0.37to0.89andforspacingsbetweenthe
frontendresrcomponentsof6.75,11.75,18,and24 inches.h attempt.
wasmadetorecordmaximumandminimumqoundreadingsat eachspeedin
orderto obtaina ccmtparisonof sounddataforthe2-&O and&&O prc-
pell.ersat thesametipspeedsandpower.Magnitudesof thesoundmeasure-.
mentsforthe2-O-2propellerareconsistentlylargerthanwouldbe
expectedfora tractor‘installation.Thedatapoints,however,do fall
withinthelimitsestimatedforsingl~otatingpusherpropellers.Since
thetestsetupconsisted,ofbotha pushercomponentanda tractorcomponent,
thedatapresentedinfigure12 seemto confirmthetheoqy.

Thesetestsalsoindicatethatthespacingletweencomponentsof a
dual-rotatingpropellerhasno apparenteffecton thesound,atleastin
thevicinityof ~ = 105°. However,thesoundnear ~ = 0° is shownin
thesectionentitled“MutualInterference”tohe affectednoticeablybY
thespacing.

In ah actualdualaotat~ropeller installationtheoverlapaxis
isfixedandan olserverwouldheara steadysound,theIntensi@level
ofwhichwouldfluctuateaccordingto hispositionrelati%eto theover-
lapexis.Forconvenienceintheseexperhmntsthemicrophoneppsition
wasfixedandtheoverlapexiswasmadetomoverelativeto it. This
srrsmgementwasaccomplishedby causingoneofthemotorstorunat
slightlydifferentrotationalspeed(see“ApparatusandMethods”).

P

_—.. ._.—. —. —. .~——-— .——
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-Strutlkterference

Sincetheexperhmntalsetupusedwasa combinationofa pusher
propelleranda tractorpropeller,an attempthasbeenmadetoevaluate
thedifferencein thenoiseproducedby eachof theseatthesametip
speedandpower.Forthe%me strutclearancesinfigure13 thisdiffer-
enceappearsto%e a%out3 decibelsovera widerangeoftipspeeds.If
thestrutcleemanceisreducedas indicatedinfigure13,a largeincrease
in soundresults.Figure14 givesa clearerpictureofwhathappeasto
theamplitudesof thevariousfrequenciesas strutclearanceisreduced.
Allfrequenciesseemto%ecomestronger,butthegreatestincreasein
amplitudeappearsinthehigherharmonicsoftherotationalnoise.

Innearlyallrecordsof figure7 showingmodulationofthevarious
frequenciesfora 2-O-2propeller,completecancellationaswouldle 0
expectedfromthetheo~ doesnotoccur.Thisdiscrepancycanpartlyle
accountedforby thedifferencein intensitylevelsofthesoundsfrom
thefrontandrearcomponents.Likewise,infigure12 thetotalsound
intensitiesforthe2-O-2propellerarehigherthanwouldbe expected
fora completetractortitillation.Thetheoryindicatesthat’the
randomdatapointsinfigure12 shouldfallbetweenthetw~lade curve
asanupperlimit
datapresentedin
lationwouldhave

andthe fou&KLadecurveas a lowerlimit.Fromthe
fi~e 12 it is evidentthata cmpletetractorinstal–
morenearly checkedthe theo~. “

Mutualfiterference

,An attempthas_beenmadeto evaluatetheeffectofmutualinter-
ferencefora 2-O-2propelleratvariousspacingsofthefrontandrear
components.At a valueof P = 105° thedatapresentedinfigure12
donotindicatethepresenceof anyadditionalnoisewhichmightbe
causedbymutualinterferencebetweenblades.Measurementswerealso
madeontheaxisofrotationwhererotationalnoiseisaminimm and
wherethisdisturbancewaEexpectedtoappearfortheharmonicsof
m=4,8,12, . . .whichareharmonicsoftheblad~assagefrequency.
Thesedataareshowninfigures15and16.

Whenthetwocomponentsme rundngseparately,theindividual
rotationalaoisefrequencieshavesmallpressureamplitudesat 13= 0°,
as illustratedbyfigure15(a)and15(b)..In figure15(c),whiclishows
a correspondingsoundspectrumfora 2-0+2propellerat ~ = 0°,m = 4
isgreatlyreinforcedby a strongsteAdysoundequalinfrequencyto the
blade=passagefrequency.

Notethatnoiseduetomutualinterferenceappearstobe directional
withitsmsximwnalongtheda ofrotationmuchthesepeasvortexnoise.
Thisnoiseis dependenton thespacingof thecomponentsof a dual~otating “
propelJer.At a spacingof12 inchesthenoisewasveryweakifitexisted

at all;whereasat 6? inchesthenoisebecamepredominantat P = OO.

—
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At a spacing
frequencyofthis

.

.

of+ inchesthepressureamplitudeofthefundamental
blade-titerferencenoiseat ~ = 0° variesdirectly

- {hep-merinputto thepropellerandas thecubeofthetipspeed
(fig.16(a)and16(b)).Therotationalnoiseofthesamefrequency,on
theotherhand,canle showntovaryapproximatelyas thesfxthpowerof
thetipspeedevenatanglesnear p =00.

Thesetestswererunata verylowvalueof J, andhencefrom
figure19 ofreference4 theliftvariationalongthebladescanbe seen
tobe verysmall.Fora largervalueof J theeffectofbladeinter-
ferencemighthemuchgreater.

CONCIIJSIOI@

Soundstudiesforstaticconditionsof dualaotatingpropellersand
multiplesingle-rotatingpropellersinthetipMachnumberrange0.37to
0.89indicatedthefollowingconclusions:

1.Thetotalsoundpressureemittedby a fo~lade dual-rotating.
propellerwithequelnum%erofbladesineachcomponentveriesbetween
thelimitsof thesound.pressurefroma twtiladesingle-rotatingpropeller
asanupperlimitandthesoundpressrcrefroma fo~lade single-rotating
propellerasthelowerlimit, atthesametipspeedsandwiththesame
powerabsorption.

2.Themaximumsoundpressuresfroma dual-rotatingpropelleroccur
attheaxisofoverlap.Testsfora fo~lade dual-rotatingpropeller
overa widespeedrangeindicatedapproxhnatelya 6-decibeldifference
%etweenthemaximumandminimumsound+pressuremeasurements.-

.

3.The fundamentalfrequencyofthemutualinterferencenoisefor
a duel-rotatingpropelleri3 equal to theblade-passagetrequency.Its
pressureamplitudeisa ~ whentheanglefrompropelleraxisof

-rotationequals0° endvariesdirectlyas thepowerat thatangleand
EMthecubeofthetipspeed.Neartheplaneofrotationmutualinter-
ferencenoiseappearstobe negligible. “.

4.As thestrutclearanceforpusherpropellersisdecreased,the
totalsoundemittedis increaaed.Amplitudesof an harmonicswe in-
creasedbutthe~eatestincreas’soccursinthehigherharmonics.

5.Thetheorypresentedforpredictingsoundemissionofmultiple
propellersisadequateformultiplesingle-rotatingpropellersat all
valuesoftheanglefrompropelleraxisofrotationandfordual-rotating
propellersforallvaluesofthisengleexceptthosevaluesnesrOO.

Langl.eyMemm?ialAeronauticalLaboratory
NationalAdvisoryComnitteeforAeronautics

LangleyField,Va.,April6,1948

————.. .—— . ..– ——— -.
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13WmANTmoussouIiDmEssuRE

Theinstantanecnmvalueof soundpressureofthemth-harmonicof
soundfroma single-rotatingpropellerisgivenasthevectorsummation
ofthesoundfrom *lades equallyspaced

When m
thefollowing

.

and

Hence,thetotal
is n timesthe

When m is

PImi = pfm~, ‘m (m’ + =2*)

is an integralmultipleof n and x is an integer,
my be seenfrominspection

thatp- !q .0.

>& sill@t
x= 1

plmi= npl’msinnn)t

- ‘%‘FJIL9X‘ ‘P”m‘
soundinthemth~onic froman tiladepropeller
soundfromoneblade.

notan integralmultipleof n, itmay%e shown
as f01.lows:

.

)++1-aa=Sin IlrDt>A Cos X2ig ‘
X=l

+ cosmt * pinx2@
x= 1

n
=— SiIl IIU)t + SiIl IKDt>—- COS X2Pn

x.()

+ Cos m.Dt * sin X2%
x= 1

.

.

.

.

#
.
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l?romreference5,page81,if m isnotan integr~m~tipleof n,

n
> sinx2+ =
X.1

+- Cos X2*=nX.o
●

sin+ sin (n+ l)%
=0

sinPE

cos + sin(n+ l)%
. 1

sin*

Hence,if m isnotan integralmultipleof n,

P1mi =–sinlmd+sinmwt=o -
,

/
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Observer

(a) Twodual-rotatingpropellers operating. .
in same planeof rotation.

.

.

.

&is of
/

overlap /

A

Observer
.

T

(b) Twosingle-rotating propellers operatingin same
plane of rotation withphase angle a.

Figure 1.- Propeller configurationsused in sound-theorypresentation.
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x

Figure 2.- Calculatedsoundpressures for four-blade dual-rotating
propeller witharbitrary phase angleor dual rotation. P= 120°;
v– = 0.5.(For values of qnJqn(qn~sin P) see fig. 2 ofc
reference 2.) .
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.

.

.

.

.
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Figure3.- Setupforstudyingsoundemissionofdual-rotatingpropellers,
~
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.

,

A Attenuation- 65

Frequencyspectrumd

I
,

●

(a) 4-0’+)propeller. e - 10.5°;s - 33feet.

Attenuation= 10Q

FrequencySP~~
A.I I I I I I I

(b) 2-O-Opropeller. tl. 1%5°; s E XIfeet.

‘ Attenuation -100

~ FrequencySpeC- Bladephase

A+/h ./-w%+

(c) 2-O-2propeller. ‘F - ‘R n 10”50;S-wfea

.

100 “300 500 ma 1000
Frequency,cyclesper second

(d) Two2-O-Opropellersoperathgside byside.

1500

G NACA

e=10.50;

Figure 4.- Frequencyspectrums
tions absorbingapproximately
p = 900.

of four differentpropeller combina-
the same power. N = 4400rpm;
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Frequency

Frequency apechum

100
f

300 go aoo 1000 150Q 2000 3:0
Frequency, cycles pmswofi

(a) Random word.

Frewency

Frequency Specb

— AA~~_

100 w w Uoo 1000 “151X 2000 3000

Fwuency, cyclm per SW”OM
+

(b) The blade phwe angle is cbangwl from that of figure da) by approrhnately 82°.

~

Figure5.- Frequencyspectrumsshowingtheeffeetofbladephaseanglefora 2-0:2propeUer. &
.

N = 4400rpm; P= SOO; eF = 9R = 10.5°;Z = 6.75inches.
!4
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.

Attenuation = ~.

—
m=2-

(a)24-0prop~er.

Attenuation=9

(b)”4+-f3prO@er. ‘

Attenuation = 29
.

m=2

(c)2-O-2propeller. v

Figure 6.-Amplitude.variation of the fundamentalrotational
frequencyof three different propellers. N = 4400rpm;

t

noise
P= 90°.
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,

Attenuation= 100

(a) Secondharmonic.

AttenusMon= 100

(b) Third hU!IIIOIliC.

(c) Fourth hal’’motiC.

.

.

Attenuation- 100 .

m-lo

(d)~thkl?JllOniC. =S=

Figure 7.-Amplitudevariation of four different harmonicsof sound
from a 2-0-2 propeUer. N = 4W()rpm; ~= 900; z = 12in~he~;
‘F = ‘R = 10.50.

>
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.

.

.

.

Attenuation- lMI

.

—

(a) First barmontc.

Attenuation= 100

m.4

(b) Secondharmonic.

Attenuation- 100

m-6

(c) TMrdk1711011tC.

EUadephase Attenuation= 25

(d) I?oti kl17110dC. T

Figure 8.-Amplitudevariation
from 2two-bladepropellers

offour differentharmonics of sound
operatingside byside andabsorbing

equalpowerat nearly the same
p= 900; e = 10.50.

speed. N = 4400rpm;
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Attenuation = 100

m=2

(a)Firstharmonicof front component.

Attenuation - 100

.

.

.

(b) First harmonic ofrearcomponent.

Attenuation = 100

(c)Thirdharmonicoffront componantmodulatedby
secondharmonicofrearcomponent. -“

variation of three harmonics of soundfrom aFigure 9.-Amplitude
2-O-3propeller. N = 4400rpm; P= 90°; Z = 6.75inches;
‘F = 13.5°; f3R= 120.
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.

~ m=2
Attenuation= 25

(a) First of front component.

- Bladephase
Attention = 50

(b) First harmonic ofrearcomponent moddated
harmonicoffront component.by second

Figure 10.- Amplitude
2-O-4propeller. N

,

.

0

variation of @o
= 3300rpm; P

harmonics of soundfrom
= 900; z = 12inches.

a
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Attenuation= ~

Totalsoundpressure “

Figure11.- Variationofamplitudeoftotalnoise

N = 2600rpm; f3=lo50;z = 12

i

emissionfrom a 2-0:2propeller.

inches;“~= 0.62.
c
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*O -
Four-bladepropellerc)—

-- —-- Two-bladecross plotsfrom reference3(tractor)
—— Estimatedtwo-bladepusherpropeller

Q 2-O-2propeller,Z = 6.75inches
130 0 2-O-2propeller,Z = 11.75inches

A z-() -z prope~er, z = 18inches
b 24-2propeller,Z = 24inches

.X!
1.20- /

/ “$0’

6
110

f /0//
0/// G

100 /‘ 0~

,/E!
6/

● ,/
90 /

E
/ o

k

8o’

,P

=@g=
60 s ,4
●3 ●5 .6 .7 .~ .9

Figure 12.- Comparisonof soundemission of 2fl-2propeller at four
different spacingswith three single-rotating propellers absorbing
the same powerat approximatelyequaltip speeds. P = 105°;
s = % feet.

—.. —— -—— —-. —
—. -———

——



28 NACATNNO. 1654

38

.

130 I I I I I I I I I I I

c1 Two-bladepusher,strutclearance = 11.75inches
n--––– TWO-bladepusher,strutclearance= 5.75inches
0— — Ttvo-bladettictor,-strutclearance= 11.75inches

P’1.20 /#
//

//

110
/

,/
/

100
(Y‘,

/
/

6

~

90

do

70

‘-
60A
●3 .4 - .5 .6 .7 .~ .9

.

.

.

Figure 13.- Effect of strut interference on the soundemission of
two-bladepropellers. P = 90°; s = Wfeet.
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.

Attenuation= 25

Frequency spectrum

.

(a) Strut clearance= 11.75inches.

m
.

Attenuation= 25

spectrum

100

.

200 50? goo 1000
Frequency, cycles per second T

(b) Strut clearance= 5.75inches.

Figme 14.- Effect of strut clearance on the amplitudeof rotational
noise for a 2-O-0pusher propeller. Bothrecords are at the same
attenuationfor comparison. N = 4400rpm; B= 900.
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Attenuationu 25
Frequencyspectrum

I i I 1 I I
200 500 1300 1000 1500 2000

Frequency, cycles per second

(a) 2-04)propeller (tractor). e -10.5°.

Frequencyspectrum Attenuation= 25
—

100 200 500 ml 1000 1500 2(330

Frequency,c@= Per s~o~

(b) 2-O-Opropeller (pusher). e -10.5°.

.

b

Blade-pssage frequency

.
Frequencysped~

100 200 w 800 loao 1500

Frequency,cycles per second

(c) 2-O-2propeller. eF = eR -10.5°.

Fitie 15.- Frequencyspectrums of a 2-O-2propeller
components takenseparatelyshowingthe effect of blade

and each of its “ .

N =‘4400rpm; P=-Oo; Z-= 6.75fiches.
interferencee.

.
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(a) Effect of power. (b) EffectoftipMach number, .

It@re 16. - Mutual-interference-noise variation at B= 0° as a function of tip speed and
power. Z = 6.75inches.(Samefrequencyas m = 4.)
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